ABSTRACT The effect of cold storage at 0.5, 5, 10 and 13ЊC on the developmental rates and survival of the pteromalid parasitoids Muscidifurax raptor Girault & Sanders, Muscidifurax zaraptor Kogan & Legner, and Trichomalopsis sarcophagae Gahan was examined in the laboratory. Immature M. raptor underwent development at 13ЊC, but not at 10, 5, or 0.5ЊC. Immature M. zaraptor and T. sarcophagae did not develop at temperatures ranging from 0.5 to 13ЊC. Parasitoid survival varied among storage temperatures and was lowest at 0.5ЊC for M. raptor and M. zaraptor and highest at 10ЊC. Survival of T. sarcophagae was highest at 5ЊC and was higher than either species of Muscidifurax at temperatures Յ5ЊC. M. raptor had the highest survival at 10 and 13ЊC. A simple model was used to examine the effects of cold storage and stockpiling parasitoids for up to three generations on parasitoid availability. Storage of M. raptor at 10ЊC for three generations could result in a 3.5-fold increase in availability. Storage of M. zaraptor at 10ЊC could result in a 2.6-fold increase in availability, and storage of T. sarcophagae at 5ЊC could result in a 3.2-fold increase in availability. Results suggest that cold storage could be a useful method for increasing the rearing efÞciency of these parasitoids.
PTEROMALID PARASITOIDS CAN BE useful for the biological control of Þlth ßies such as house ßy, Musca domestica L., and stable ßy, Stomoxys calcitrans (L.). These two species of ßies are important pests in conÞned livestock facilities such as cattle feedlots and dairies. The parasitoid species Muscidifurax raptor Girault & Sanders, Muscidifurax zaraptor Kogan & Legner, and Trichomalopsis sarcophagae Gahan are common in cattle facilities in Alberta, Canada (Lysyk 1995 , Floate et al. 1999 . All three species have potential as biological control agents of Þlth ßies (Petersen et al. 1995 , Rutz and Watson 1998 , Floate 2003 and are typically used in inundative release programs in which large numbers of mass-reared parasitoids are frequently released. The parasitoids locate and kill ßy pupae by inserting the ovipositor through the puparial wall and laying either single (M. raptor and M. zaraptor) or multiple (T. sarcophagae) eggs on the developing pupa. The parasitoid larvae feed on the host, preventing emergence of the adult ßy. In northern climates, such as Alberta, parasitoid activity occurs when weekly temperatures are Ն11ЊC, conÞning parasitoid activity to June through September (Lysyk 1995) .
An important consideration for effective biological control using inundative releases is the ability to produce large numbers of parasitoids when demand is high. In areas with seasonal pest populations, parasitoids may be overproduced and discarded when demands are low (Glenister and Hoffmann 1998) or underproduced when demands are high. Methods for storing parasitoids may therefore be useful for improving the production efÞciency of parasitoids used for mass release (Tauber et al. 1993) . Because none of these species has a demonstrated diapause, cold storage may be the most practical method for improving production efÞciency, providing the parasitoids can be stored at temperatures for durations that do not result in excessive mortality and that parasitoids released after cold storage are not adversely affected by the storage regime (Pitcher et al. 2002) . Pteromalid parasitoids of house ßy and stable ßy may be suitable candidates for cold storage because development is inhibited at temperatures Յ10ЊC (Lysyk 1998 (Lysyk , 2000 (Lysyk , 2001 . Cold-acclimated species can survive exposure to temperatures in the range 5Ð10ЊC for extended periods (Guzman and Petersen 1986a) , and the reproductive capabilities of several species are not adversely affected after cold storage (Legner 1976) .
Two factors important in deÞning a cold storage regime for a natural enemy are the cold storage temperature and the duration of exposure to that temperature. The purpose of this study was to determine the effect of cold storage temperature and duration of exposure to cold storage on the developmental rates and survival of M. raptor, M. zaraptor, and T. sarcophagae. Weekly survival rates were determined for each species at four low temperatures and used in a simple life-history model to calculate the potential effect of storing harvested parasitoids on production and availability.
Materials and Methods
Insect Rearing. Insect colonies were maintained at Lethbridge Research Centre under standard conditions of 25ЊC and a photoperiod of 16:8 (L:D). House ßy pupae were reared using methods described previously (Lysyk 2001) . Parasitoids used were obtained from a colony of M. raptor that was supplied by R. D. Moon (University of Minnesota, St. Paul, MN) and colonies of M. zaraptor and T. sarcophagae established from native parasitoids collected near Picture Butte, Alberta. Parasitoid adults were held inside clear plastic cages and fed 10% sucrose in water. House ßy pupae were supplied every 2Ϫ3 d for parasitoid oviposition.
Experimental Design. Parasitized house ßy pupae used in experiments were obtained by placing 1-to 2-d-old house ßy pupae inside cages of parasitoid adults for 2 d for oviposition. SufÞcient pupae were exposed to each species of parasitoid to ensure that a complete replicate (4 storage temperatures ϫ 13 exposure periods) could be set up at the same time. Pupae were removed after oviposition and placed into individual wells of 96-well titer plates. The wells were covered with a layer of insulating foam, and the lids of the plates were tightly sealed with masking tape to prevent moisture loss. Pupae were held at 25ЊC for 7 d to allow development of immature parasitoids because 6-to 11-d-old immatures tend to be the most cold tolerant (Guzman and Petersen 1986a) . After development at 25ЊC, 1 plate was left at 25ЊC for continuous development, and 12 each were placed in cold storage inside temperature cabinets set at 0.5, 5, 10, and 13ЊC. Relative humidity in the cabinets ranged from 35 to 55%, except at 0.5ЊC, where it was Ͼ80%. Each week for up to 12 wk, one plate was removed from each of the 4 cold storage temperatures and placed at 25ЊC. Any parasitoid emergence that occurred during cold storage was recorded, and the plates were examined daily for emerged parasitoids. The number of pupae that had parasitoid emergence was recorded each day after transfer from cold storage to 25ЊC. The entire experiment was replicated in triplicate for each of the three species of parasitoids. A total of 96 pupae was examined for each species, replicate, storage temperature, and duration of storage, except for the Þrst replicate of T. sarcophagae, in which the number examined ranged from 84 to 96 for each storage temperature and storage duration.
Rate of Development. The rate of parasitoid development after transfer to 25ЊC was calculated for parasitoids emerging from each host pupa as the reciprocal of the time that elapsed between removal from cold storage and emergence from the pupa. The rate of development for parasitoids held continuously at 25ЊC was adjusted for the 7-d period that all pupae were held at 25ЊC before cold storage. Analyses were conducted separately for each species. The relationship between the rate of development after transfer to 25ЊC and duration of storage was determined using linear regression, and analysis of covariance was used to determine whether the relationships were consistent among parasitoids held at the different cold storage temperatures.
A proportion of M. raptor stored at 13ЊC emerged during cold storage and was excluded from the analysis of developmental rates. The change in the proportion of M. raptor that emerged during storage at 13ЊC was analyzed using logistic regression. Parasitoids that emerged at 13ЊC were assigned a value Y ϭ 1, and those that emerged after transfer to 25ЊC were assigned the value Y ϭ 0. Logistic regression of the form P(Y ϭ 1) ϭ 1/(1 ϩ exp[Ϫ(a ϩ bX)]) was used to describe the relationship between the proportion of parasitoids that emerged at 13ЊC (P[Y ϭ 1]) and duration of storage (X) in weeks.
Parasitoid Survival. The total number of pupae with parasitoid emergence was determined for each plate, and the percentage of pupae with parasitoid emergence was calculated for each species, storage temperature, duration of storage, and replicate. The relationship between the percentage of pupae with parasitoid emergence (Y) and duration of cold storage in weeks (X) was determined separately for each species using the equation:
The parameter a is an estimate of the intercept or value of Y when duration of storage ϭ 0. The parameter b is the more important parameter, as it is an estimate of the rate of change in Y as storage time increases. Larger negative values of b indicate steeper declines in Y compared with smaller negative values of b. The effects of cold storage temperature on the relationships were tested by evaluating the reduction in error sum of squares of a model containing effects caused by cold storage temperatures relative to a model without the effects of cold storage temperatures. If the relationship varied among cold storage temperatures, separate regressions were estimated for each storage temperature.
Because T. sarcophagae is a gregarious parasitoid, additional analyses were conducted to determine the effect of duration of cold storage on the number of parasitoids produced as well as on the number of parasitoids that emerged per parasitized pupae. Plates containing T. sarcophagae were examined once emergence was completed, the total number of emerged parasitoids was counted, and the number of emerged parasitoids per parasitized pupa was calculated. The number of emerged parasitoids was adjusted to the number per 96 pupae in cases in which fewer than 96 house ßy pupae were available. Equation 1 was again used to determine the relationship between these two variables and the duration of storage at cold temperatures.
Weekly survival (S) during the time interval (X to X ϩ 1) at each of the storage temperatures was esti-mated from the parameters b of equation 1. By deÞ-nition, S is the ratio Y Xϩ1 /Y X , where Y X ϭ the number of wasps that emerged at 25ЊC after storage at particular cold temperatures for X weeks. Weekly survival rates were calculated by solving equation 1 at X and again at X ϩ 1, and taking the ratio
The standard error of S was determined using the delta method (Seber 1982) and was calculated as (var[b] 
, where var(b) is the variance of the estimate of b from the appropriate regression. Weekly survival rates were calculated for each species and storage temperature and compared graphically. Calculations of weekly survival for M. raptor and M. zaraptor were made using estimates of b obtained from equation 1, where Y ϭ the percentage of pupae with parasitoid emergence as both species are solitary and a single parasitoid emerged from each parasitized pupae. Because T. sarcophagae is gregarious, estimates of weekly survival were made using equation 1, where Y ϭ the number of parasitoid adults that emerged.
Effects of Cold Storage on Parasitoid Production and Availability. A simple life-history model was used to evaluate the effect of cold storage on the production and availability of these parasitoids. Assuming N is the number of parasitoids that is maintained in colony and R o is the net reproductive rate (females produced in the next generation/females in the initial generation) for a species, then the number of females produced in the next generation is Np ϭ NR o . The harvest rate was calculated as h ϭ (1 Ϫ 1/R o ) (Carey and Vargas 1985) and is the proportion of females that can be removed from Np and still maintain a constant number in the colony. The numbers produced were divided so that N ϭ Np ϫ (1 Ϫ h) were returned to the colony for maintenance to keep colony numbers constant and the surplus was harvested and used for sale or storage. The numbers harvested each generation were Nh ϭ h ϫ N p ϭ h ϫ N ϫ R o . If these were stored at cold temperature for one generation, the numbers remaining after one generation would be Nh 1 ϭ Nh ϫ S G , where S G ϭ the survival rate in cold storage for one generation. S G is calculated as S G ϭ S GT , where GT ϭ generation time in weeks and S ϭ weekly survival rate in cold storage. Values of S were selected for the temperature that gave the highest weekly survival rate for each species. The numbers remaining after storage for two generations were calculated as Nh 2 ϭ Nh ϫ SG 2 , and the numbers remaining after storage for three generations were calculated as Nh 3 ϭ Nh ϫ SG 3 . If parasitoids were stored for up to three generations, the total number available for sale would be the sum of the number harvested in the current generation (Nh) plus the numbers available in cold storage, or Nh ϩ Nh 1 ϩ Nh 2 ϩ Nh 3 . Values of R o and GT for each parasitoid species were taken from previous work (Lysyk 1998 (Lysyk , 2000 (Lysyk , 2001 .
Results and Discussion
Rate of Development. The relationship between the rate of development of M. raptor after return to 25ЊC and the duration of storage varied among storage temperatures (F ϭ 153.21; df ϭ 6, 4895; P Ͻ 0.0001). Rate of development showed a weak tendency to increase with storage duration at 0.5ЊC and decline with storage duration at 5ЊC, and showed no signiÞcant change with storage duration at 10ЊC. The magnitudes of the slopes were quite small (Table 1) , and represent rather small changes in developmental rate over the course of the experiment. For example, the rate of development at 25ЊC after storage at 0.5ЊC was predicted to increase from 0.1002 at 0-wk storage to 0.1218 after 12-wk storage (Fig. 1A) , which equates to a change in developmental time from Ϸ10.0 to 8.2 d. The rate of development after storage at 5ЊC was predicted to decrease from 0.0996 at 0-wk storage to 0.0828 after 12-wk storage (Fig. 1A) , which equates to a change in developmental time from Ϸ10 to 12.1 d. The rate of development at 25ЊC after storage at 10ЊC did not Relationship is Y ϭ a ϩ b*X where Y ϭ 1/time to emergence after transfer to 25ЊC and X ϭ weeks stored at each temp. Parasitoids were held at 25ЊC for 7 d before being placed at cold temperatures. **** ϭ slope signiÞcantly different from 0 at P Ͻ 0.0001; *** ϭ slope signiÞcantly different from 0 at P Ͻ 0.001; and ns ϭ slope not signiÞcantly different from 0 at P ϭ 0.05.
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LYSYK: COLD STORAGE AND PARASITOID SURVIVALchange (Fig. 1A) . Changes in developmental time of 2 d are not biologically signiÞcant given the 1-d interval for oviposition and 1-d interval between examinations. The rate of development at 25ЊC for M. raptor stored at 13ЊC showed a large change over the course of the experiment, and was predicted to increase from 0.1010 at 0-wk storage to 0.2474 after 12-wk storage (Fig. 1A) , which equates to a decrease in developmental time from Ϸ9.9 to 4.0 d. A proportion of the M. raptor that emerged did so during the time they were stored at 13ЊC. M. raptor began to emerge at 13ЊC after 6-wk storage, and the proportion that emerged at 13ЊC increased with increasing time spent at 13ЊC, reaching Ϸ0.18 after 12-wk storage (Fig. 2) . The relationship between the number of weeks stored at 13ЊC and the proportion of emergence that occurred at 13ЊC was described by the logistic equation
2 ϭ 47.9; df ϭ 1; P Ͻ 0.0001; SE a ϭ 0.68; SE b ϭ 0.07), where P(Y) is the proportion that emerged during storage at 13ЊC and X ϭ number of weeks stored at 13ЊC. The lower temperature threshold for development of M. raptor was estimated at 9.3ЊC in earlier work (Lysyk 2000) . Development of M. raptor during storage at 13ЊC was not unexpected because this temperature was above its previously estimated lower developmental threshold. However, development of M. raptor did not occur during storage at 10ЊC, suggesting the true developmental 0 for this species is most likely higher than the 9.3ЊC reported earlier.
The relationship between the number of weeks stored at low temperatures and the rate of development of M. zaraptor after transfer to 25ЊC varied among storage temperatures (F ϭ 21.3; df ϭ 6, 3373; P Ͻ 0.0001). The developmental rate of M. zaraptor stored at 5 and 13ЊC showed no signiÞcant change with duration of storage ( Table 1, Fig. 1B ). The signiÞcant declines in developmental rate for M. zaraptor stored at 0.5 and 10ЊC were nominal and would equate to increases in developmental time of 2.4 and 1.3 d, respectively, over the course of the experiment. The failure of M. zaraptor to develop during cold storage is consistent with the previously reported lower developmental threshold of 13ЊC for this species (Lysyk 2001) .
The relationship between the number of weeks T. sarcophagae was stored at low temperatures and the rate of development after transfer to 25ЊC varied among storage temperatures (F ϭ 64.6; df ϭ 6, 7811; P Ͻ 0.0001). The slopes of the relationships were similar at all temperatures, indicating a decrease in developmental time as storage increased (Table 1, Fig. 1C ). However, the intercept for 13ЊC was somewhat higher than for the other temperatures. Closer examination of the relationship for 13ЊC suggested it was curvilinear (Fig. 1C) , and a signiÞcant quadratic regression of the form Y ϭ 0.1036 ϩ 0.0054 ϫ X Ϫ 0.0006 ϫ X 2 (F ϭ 54.1; df ϭ 2, 1882; P Ͻ 0.0001; r 2 ϭ 0.05) was detected. The rate of development of T. sarcophagae after transfer to 25ЊC tended to increase for the Þrst 5 wk of storage, then declined. This suggested that shorter exposure to 13ЊC allowed some development, but that longer-term storage did not. T. sarcophagae showed no increase in developmental rate after storage at 1Ð10ЊC, which is consistent with its previously reported lower developmental threshold of 12.4ЊC (Lysyk 1998 ). The curvilinear relationship between developmental rate of T. sarcophagae and duration of storage at 13ЊC may have resulted if parasitoids developed at 13ЊC, but were unable to emerge from the puparium at that temperature. If later stage pupae were more susceptible to cold mortality than the stages initially placed at 13ЊC, as has been demonstrated for Spalangia cameroni (Guzman and Petersen 1986a), the faster developing individuals would have died, reducing the rate of development with prolonged cold storage.
Parasitoid Survival. The relationship between the number of weeks pupae were held at low temperatures and the percentage of pupae with emergence of M. raptor varied signiÞcantly among storage temperatures (F ϭ 64.7; df ϭ 6, 148; P Ͻ 0.0001). The regression estimates are shown in Table 2 . The estimates of b indicate that the steepest decline in the percentage of parasitoid emergence over storage time occurred at 0.5ЊC, followed by 5ЊC, while the rates of change in emergence were similar at 10 and 13ЊC. The percentage of pupae with parasitoid emergence (ϮSE) at 0.5ЊC decreased from 52 Ϯ 7% at 0 wk to Ϸ0% after 12-wk storage (Fig. 3A) . At 5ЊC, the percentage of pupae with parasitoid emergence decreased from 46 Ϯ 1.1% at 0-wk storage to 16 Ϯ 3% storage (Fig. 3A) . The percentage of pupae with parasitoid emergence averaged decline from 54 Ϯ 1% and 64 Ϯ 1% at 0 wk for 10 and 13ЊC, respectively, to 39 Ϯ 8% and 32 Ϯ 5% after 12-wk storage (Fig. 3A) .
The relationship between the number of weeks of cold storage and the percentage of pupae with M. zaraptor emergence also varied among storage temperatures (F ϭ 22.1; df ϭ 6, 148; P Ͻ 0.0001). The regression parameter b indicated that the greatest decline in the percentage of pupae with parasitoid emergence occurred during storage at 0.5ЊC (Table 2) , but was similar among the remaining temperatures. At 0.5ЊC, the percentage of pupae with parasitoid emergence declined from 51 Ϯ 2% at 0-wk storage to 0.3 Ϯ 0.3% after 12-wk storage, a reduction of 99% (Fig. 3B) . During the course of the experiment, the percentage pupae with parasitoid emergence declined from 44 Ϯ 5% to 11 Ϯ 5% at 5ЊC, from 42 Ϯ 2% to 15 Ϯ 1% at 10ЊC, and from 41 Ϯ 8% to 9 Ϯ 1% at 13ЊC (Fig. 3B) . The decline in survival of M. zaraptor across temperatures was similar to that reported by Guzman and Petersen (1986a) .
The relationship between the percentage of pupae with T. sarcophagae emergence and the number of weeks stored at low temperatures varied weakly among temperatures (F ϭ 2.4; df ϭ 6, 148; P ϭ 0.03). The estimates of b indicate that the rate of decline in the percentage of pupae with parasitoid emergence over storage time was lowest at 5ЊC, followed by 0.5, 10, and 13ЊC (Table 2 ). The percentage of pupae with parasitoid emergence declined from 67 Ϯ 2% to 35 Ϯ 5% at 0.5ЊC, from 60 Ϯ 6% to 47 Ϯ 5% at 5ЊC, from 70 Ϯ 3% to 28 Ϯ 1% at 10ЊC, and from 65 Ϯ 10% to 29 Ϯ 7% at 13ЊC (Fig. 3C) . However, the number of parasitoids produced per parasitized pupae also declined as the duration of storage increased (Table 3, Fig. 4A) . The relationship between the number of parasitoids per parasitized pupa and duration of storage varied among temperatures (F ϭ 4.9; df ϭ 6, 148; P Ͻ 0.01). The regression parameters indicated that rate of decline in Fig. 2 . Relationship between the number of weeks M. raptor was stored at 13ЊC and the proportion of parasitoids that emerged at 13ЊC. Vertical bars are Ϯ 1 SE. Solid line is logistic regression (see text). Relationship is Y ϭ a* exp(b*X) where Y ϭ percentage pupae with parasitoid emergence and X ϭ weeks stored at each temp. N ϭ 39 per temp and species. Estimates were signiÞcantly different from 0 based on non-overlap of Ϸ 95% conÞdence intervals.
LYSYK: COLD STORAGE AND PARASITOID SURVIVALthe number of parasitoids per parasitized pupa was highest at 0.5ЊC, followed by 13, 10, and 5ЊC (Table 4) . The number of parasitoids per pupa declined from 7.7 Ϯ 0.3 to 3.0 Ϯ 0.2 at 0.5ЊC, from 7.2 Ϯ 0.6 to 4.5 Ϯ 0.2 at 5ЊC, from 8.5 Ϯ 0.9 to 4.7 Ϯ 0.2 at 10ЊC, and from 7.8 Ϯ 1.0 to 4.0 Ϯ 0.5 at 13ЊC (Fig. 4A) . Because both the percentage of pupae with parasitoid emergence and the number of parasitoids per parasitized pupae declined with increasing duration of storage, the total numbers of emerged T. sarcophagae declined as the duration of storage increased (Table 4 , Fig. 4B ). The rate of decline varied signiÞcantly among storage temperatures (F ϭ 3.5; df ϭ 6, 148; P Ͻ 0.01). The numbers emerged declined from 492 Ϯ 8 to 130 Ϯ 22, 420 Ϯ 68 to 204 Ϯ 29, 584 Ϯ 91 to 125 Ϯ 5, and 502 Ϯ 134 to 121 Ϯ 41 at 0.5, 5, 10, and 13ЊC, respectively (Fig. 4B ). This represents a greater rate of decline than was estimated based on the percentage of pupae with parasitoid emergence.
In earlier work, the lower temperature thresholds for the survival of M raptor, M. zaraptor, and T. sarcophagae were estimated at 12.2, 12.8, and 14.9ЊC, respectively (Lysyk 1998 (Lysyk , 2000 (Lysyk , 2001 . These studies were conducted using parasitized host pupae placed at temperatures as low as 15ЊC within 24 h after parasitoid oviposition. In the current study, parasitoid immatures were allowed to develop for 7 d at 25ЊC before being placed at the colder temperatures. As a result, all species were able to survive exposure to temperatures as low as 5ЊC for up to 12 wk, and as low as 0.5ЊC for up to 5 wk. This suggests that like S. cameroni Perkins, larger larvae and early pupae are more cold tolerant than earlier stages (Guzman and Petersen 1986a) . It is likely, however, that longer exposure to cold may have eventually resulted in a complete failure to emerge at all temperatures.
The decline in parasitoid emergence with increasing duration of storage could be caused by the effects of cold temperatures acting either directly on parasitoid survival or indirectly on host survival. House ßy pupae have reduced viability when stored at temperatures Յ10ЊC, and house ßy pupal survival is effectively 0 when stored for 4 wk or more at temperatures Յ10ЊC (Floate 2002) . In this study, parasitoids emerged from pupae stored up to 12 wk at 5 or 10ЊC, suggesting that parasitoids could complete development on dead hosts. As well, parasitoids can complete development on freeze-killed hosts (Floate 2002) . Thus, parasitoid mortality was most likely caused by exposure to nonfreezing temperatures (Rivers et al. 2000) rather than host death.
Prolonged exposure to cold temperatures reduced the percentage of pupae with parasitoid emergence Relationship is Y ϭ a* exp(b*X) where Y ϭ no. of adults per parasitized pupae or total no. of adults produced and X ϭ weeks stored at each temp. N ϭ 39 per temp. Estimates were signiÞcantly different from 0 based on non-overlap of Ϸ 95% conÞdence intervals.
for both species of solitary parasitoids, particularly at the lowest temperature. Because solitary parasitoids produce a single adult per parasitized pupa, mortality of a developing solitary wasp directly decreases the proportion of pupae with parasitoid emergence. However, this is not necessarily true with the gregarious species. Rivers et al. (2000) suggested that cold may selectively kill gregarious parasitoids developing on the outer edge of the pupa closest to the inside of the puparial wall. Parasitoid mortality thus occurs within a parasitized host pupa with the result that fewer parasitoids emerge from individual pupae over time. Observations with T. sarcophagae support this because the mean number of emerging parasitoids per pupa decreased with increasing duration of storage at all temperatures, suggesting reduced survival of individual gregarious parasitoids within each parasitized pupa. Over time, the number of emerging parasitoids is reduced, but the decline in the percentage of pupae yielding parasitoids was not as great as seen with the solitary parasitoids.
Weekly survival rates are shown in Fig. 5 for each species and storage temperature. T. sarcophagae was more cold tolerant than both M. raptor and M. zaraptor at temperatures Յ5ЊC, and M. raptor was more cold tolerant than both M. zaraptor and T. sarcophagae at 10 and 13ЊC. Successful overwintering of Þlth ßy parasitoids depends on a complex of factors, such as developmental stage of the parasitoid, habitat selection, and temperature in the Þeld (Guzman and Petersen 1986a) . M. zaraptor can survive for up to 185 d in the upper layers of silage, where cool temperatures prevent development of adults in the fall (Guzman and Petersen 1986b) . Based on the present results, it would be expected that T. sarcophagae could have the broadest thermal range for overwintering success, because survival was high at temperatures ranging from 1 to 13ЊC and development was arrested at all temperatures within this range. M. zaraptor would have the highest survival and arrested development if it occurred in habitats with temperatures ranging from 5 to 13ЊC. Although M. raptor survived well at 13ЊC, it underwent development and had adults emerge at this temperature. This may be detrimental to the overwintering survival of this species because parasitoids produced in the fall could emerge the same fall, but not be able to Þnd hosts because parasitism is rare at temperatures Յ11ЊC (Lysyk 1995) . Successful overwintering of M. raptor would therefore be conÞned to habitats where temperatures ranged from 5 to 10ЊC. Values of R o and GT were taken from Lysyk (1998 Lysyk ( , 2000 Lysyk ( , 2001 ). Weekly survival is highest rate of survival in Figure 4 . N ϭ no. of parasitoids maintained in colony each generation, Np ϭ the potential no. produced per generation, Nh ϭ the no. that can be harvested in the current generation, and Nh 1 , Nh 2 , and Nh 3 are the no. available after storage for 1, 2, and 3 generations respectively.
